The global financial crisis at the end of 2007 financially influenced various countries, including Indonesia. Because Indonesia achieved highest growth in the Southeast Asia region during the recession, global investors shift their investment in Indonesia market. Therefore, it is very important to explore the stock dynamism in Indonesia. We propose a hybrid approach of fuzzy theorem, support vector regression, genetic algorithm, and seasonal moving window to explore the Indonesian stock quarterly dynamism among the same quarter in continuous years using daily prices from 2006 to 2011. We find that the proposed method outperforms benchmark returns. We conclude that a hybrid approach is able to improve earning rate performances.
I. INTRODUCTION
The global financial crisis at the end of 2007 triggered by the collapse of major financial institutions in the U.S. began to take effect in various countries. In Indonesia, the economic crisis in the U.S. has forced investors of institutional U.S. Treasury to release their holdings in the Indonesian capital market to strengthen the liquidity of financial institutions. The value of the shares was dropped and the volume of sales of shares in the capital market in Indonesia was reduced. Jakarta composite index (JCI) was down in the fourth quarter of 2007 and it continued until the end of 2008. It happened to global market also.
Although economic growth slowed considerably during the recession, Indonesia achieved higher growth compared to the other G20 members with GDP 4.5% in 2009 [1] . Stable GDP growth is supported by domestic demand. Indonesia with 240 million of population is the fourth most populated country in the world which more than half of that population is under the age of 30. High growth GDP is followed by high investment in infrastructure. The Indonesian government has been eager to boost infrastructure financing up to 5% of GDP as well as attract private investment, which recorded US$ 941.5 million investment for infrastructure and US$ 711 million for mining sector in 2010. Considering global economy few years back, it appears that most of the foreign investors shift their investment from developed countries, like the U.S. to emerging countries in Asia, including Indonesia. Therefore, it is very important to explore the dynamism of the Indonesian stock market.
Previous research has examined the relationship between intermediaries, stock markets, and real activity in four East Asian countries, including Indonesia [2] . A recent study shows that the trading rules have the stronger predictive power in the emerging stock markets than in the more developed stock market [3] . In the past decade, various methods have been widely applied to explore the internal dynamism of the stock market. Genetic algorithm (GA) is an approach used to avoid local optimum. GA simulates the revolution in biology to keep better chromosome to reach the purpose of optimization. Some research applies the optimized search property of the GA algorithm to locate distribution centers for single product network such that the sum of facility location, pipeline inventory, and safety stock costs is minimized [4] . Ref. [5] combines the vector autoregression (VAR) and genetic algorithm (GA) with a neural network (NN) to model and forecast Asian Pacific stock markets. Their results show that their system is more robust and makes more accurate predictions than the benchmark NN.
Support vector machine (SVM) became a useful and popular method used by many researchers to avoid local optimum and achieve significant performance. Some research proposes a dynamic fuzzy model to explore the stock market dynamism. The fuzzy method combines various factors with an influential degree as the input variables, uses a GA algorithm to adjust the range of influential degree for each variable, and employs SVM to explore the stock market dynamism. The variables used in the experiment include technical indicators and macroeconomic variables [6] .
Support vector regression (SVR) is extended from SVM. It adopts loss function and penalty parameter to avoid the effect of noise and outlier. SVR can convert nonlinear problems into high dimensional space and obtain good classification performance. Support vector regression is also used along with the fuzzy theorem in some other researches to solve the two problems in prediction of financial time series: noise and nonstationarity [7] . Also, some researches use support vector regression and artificial intelligence approaches to study seasonality effect of stock dynamism [8, 9] .
The theory of fuzzy sets was first introduced by Loti Zadeh, primarily in the context of his interest in the analysis of complex systems. It introduces vagueness by eliminating the sharp boundary dividing members of the class from nonmembers. Fuzzy theory provides the forms for representing uncertainties. It is a tool for modeling uncertainties.
Some studies use fuzzy theorem and technical analysis to transfer technical indicators into fuzzy technical indicators. They set up fuzzy rules for membership function of each fuzzied technical indicator. When output is generated, the decisions are made under different rules. Therefore, when there is a change or certain trend in share price, an investment strategy can be planned based on fuzzy logic [10] . To make a stock investment decision, investors can refer to the If-Then rules generated from the fuzzy rule of fuzzy theorem and stock price fluctuation found from rough set theorem. Some studies combined Artificial Neural Network (ANN) and fuzzy regression to improve forecasting accuracy [11] .
Some researches present the development of fuzzy portfolio selection model in investment. Using the formulated fuzzy portfolio model, a genetic algorithm (GA) is applied to find optimal values of risky securities [12] . The applied model estimates the investor's preference about risk-return trade-off. The obtained results from the modeling satisfy the efficiency of the presented fuzzy approach in portfolio selection. Some research present two fuzzy portfolio selection models where the objective is to minimize the downside risk constrained by a given expected return [13] .
To examine dynamism of emerging stock market, in this paper we employ a hybrid approach of fuzzy theorem, support vector regression, genetic algorithm, and quarterly moving window to explore the Indonesian stock dynamism among same quarter in continuous years. In the experiment, we test the performance of the proposed approach by using daily prices of Indonesian stock market index from 2006 to 2011.
II. RELATED METHOD

A. Genetic Algorithm (GA)
GA is an efficient and better search method in the broad sense. With the simulation of biological evolution phenomenon, the parameter with better fitness function value is left. Also, with mechanisms of crossover and mutation, issue of partial minimization during a search is avoided and search time is shortened. The evolution process of genetic algorithms is shown as follows: (1 
B. Support Vector Regression (SVR)
Support vector regression (SVR) is often applied in the fields of pattern recognition and text classification. Theoretically, it is a learning system using linear-function hypothesis space in a high-dimensional feature space, and a kind of learning algorithm training from optimization theorem and minimized structure risk. Support vector regression consists of linear support vector regression and non-linear support vector regression [14] . 
where x is input vector, w is weight vector, m is count of training samples, b is bias. In order to avoid noise and outlier, SVR employs the loss function and penalty parameter. Loss function is mainly used to find out the distance between a regression function and training data.
(2) Non-linear support vector regression The non-liner separation problem can be solved using a mapping function Φ , which called the input spacetion, can map input space of training data into a higher-dimensional feature space. The inner product is replaced by the kernel function as below.
Therefore, the function of optimization problem solved through non-linear support vector regression can be rewritten as: (3), (4), and (5).
Linear Kernel：
C. Fuzzy Clustering Fuzzy c-means (FCM) algorithm combines the automatic clustering feature of k-means algorithm and the membership degree of fuzzy theorem to appropriately cluster objects and calculate the membership degree of each object belonging to each cluster. The main difference between FCM and k-means algorithm is that FCM employs fuzzy concept, thus, an object is not only clustered to a particular cluster, but may belong to each cluster with different membership degrees. These are used to express the correlation degree between objects and each cluster.
The main process of FCM algorithm is to calculate the cluster centroid through the cluster membership degree of each object to obtain the centroid which best represents each cluster. The membership degree is then adjusted through the distance between an object and new centroid of each cluster, in order to achieve a more suitable membership degree. The new membership degree among objects and the centroid is used to assess the performance of the clustering. The process is repeated until the clustering performance reaches the preset convergence threshold value.
III. THE PROPOSED FUZZY GA-SVR APPROACH
We use fuzzy c-means, fuzzy relation composition, and defuzzication methods to select number of trading days to calculate technical indicator values. This study adopts the fuzzy c-means algorithm to cluster values of all technical indicators appropriately to find more intensive clusters.
Then, we employ fuzzy relation composition and defuzzication methods to obtain the membership degree between technical indicators and transaction strategies. Finally, the results are compared with actual stock price fluctuation to assess the optimal number of trading days used to calculate technical indicator values. Then we utilize genetic algorithms to locate the approximate optimal combination of technical indicators. The corresponding values of those selected technical indicators are taken from the training data to form the input vectors of SVR, which is trained through the property of nonlinearity and high dimensionality.
In the design of the genetic algorithm in this study, each chromosome consists of 14 genes and each gene represents one technical indicator. When gene value is 1, its corresponding technical indicator value is used as a part of the input vector; when gene value is 0, its corresponding technical indicator value is not used as a part of the input vector.
To find the optimal combination of technical indicators, four key indicators, which are earning rate, transaction precision, recall, and precision, are considered in fitness function as below. Larger fitness function value is better. The kernel function of SVR model used in this study is Radial Basis Function (RBF) since RBF is a non-linear kernel function that can convert the data from original space to a higher-dimensional space to solve non-linear problems well. When the attribute original data is nonlinear, this function has good effect. Parameter γ is set as 4, C value as 1. In our experiments, when the output value of SVR is +1, i.e. predictive trend is rising, the strategy is buying. If the stock has been bought, then it should be kept holding. When the output value of the SVR is -1, i.e. predictive trend is falling, the strategy is selling. If the stock is not held, then it should not be bought.
The proposed approach is explained as follows: (1) In genetic algorithm, a chromosome evolution includes three processes, selection, crossover, and mutation. In the selection process, from 20 chromosomes, one quarter of chromosomes with the highest fitness values are selected and duplicated using the roulette wheel selection method. In the crossover process, doublepoint crossover method is adopted. In mutation, the mutation rate is defined as 1%, and the process is redirected to step (11). 
IV. DATA AND EMPIRICAL RESULTS
Here we describe the empirical description, process, results and comparison.
A. Experiment Description
Here, we introduce the empirical data, technical indicators, and quarterly moving window employed in the experiments. In order to explore the quarterly dynamism of Indonesian stock, we extract Indonesian Stock Exchange Composite Index (JCI) daily data from U.S.A. Yahoo! Financial website (http://finance.yahoo.com) for 6 years. The data period is between 2006/1/1 and 2011/12/30. The data count and index levels at the ends of years are as in Table  I .
We refer to some researches and adopt 14 technical indicators as input variables [15] In moving window, data of a past period is treated as training data and data after that period as testing data to form a window. The period of training data moves subsequently to form another window. In quarterly moving window, the training data and testing data are from same quarter of various years. The data of previous year is treated as training data. The data of the same quarterly of later year is treated as testing data. The advantage of moving window model is that it has more training and testing data sets, so that the average of all data sets can be more representative. Moreover, the periods of training data and testing data of moving window are close, thus the data relativity is worth referencing. In this study, if the data in a certain quarter of a certain year is treated as training data, then the data in the same quarter of the following year is used as testing data of the same window. The data period is 6 years and 4 windows are formed each year from the first to the fifth year. Accordingly, there are 20 quarterly moving windows.
B. Experiment Process
Here, we introduce the selected optimal number of trading days used to calculate technical indicators values and the fitness values produced in the process of GA algorithm.
In order to find the optimal number of trading days used to calculate technical indicator values, we apply Fuzzy-c means algorithm, relation composition, and defuzzication methods. In each window, the best cluster number of each technical indicator is derived through Fuzzy c-means, so as to calculate the coincidence rate and determine number of trading days used to calculate technical indicator values. There are 20 quarterly moving windows.
As an example, Table II The best coincidence rates, the optimal cluster number and the optimal number of trading days used to calculate Table  III , the number of trading days used to calculate DIF value is 5, that is, when calculating the DIF value of a day, the stock market data of the 5 days before the day should be used. In addition, Stochastic Oscillator (K, D and J line) has always adapted only one day before to calculate its value. Therefore, the number of trading days used to calculate technical indicator values is always 1 for K, D and J. We exclude those three indicators at calculating the average number of trading days as seen in Table III .
We utilize genetic algorithm to locate the approximate optimal combination of technical indicators. The corresponding values of these technical indicators are taken from the training data to form the input vectors of SVR, so as to train the SVR classifier. Finally, technical indicator combination with best performance is obtained by the method of evolution. The fitness function values of optimal selected chromosome in GA process are shown in Table IV 
C. Experiment Result
The output of the proposed approach is used to determine the transaction time point. When the predicted trend for the day is up, we should keep holding if we hold the stock; we can buy in if we do not hold the stock. On the contrary, when the predicted trend for the day is down, we should sell out the stock in hand; we should keep watching without any actions if we do not hold the stock.
We apply the average yearly accumulated earning rate (AYAER) to evaluate the performance of our proposed approach. The AYAER can be calculated as below. The AYAER of each methods is shown in Fig. 1 . The AYAER of proposed approach (GA-Fuzzy-SVR) is 24.55%.
D. Experiment Comparison
First, we compare the proposed approach with the performance of experiment with same number of trading days to calculate technical indicator values. That is, there is no fuzzy theory adopted. It can be called GA-SVR method. The experimental result is illustrated by Fig. 1 . The proposed approach (Fuzzy-GA-SVR) outperforms GA-SVR. The AYAER of proposed approach outperforms GA-SVR by 21.67%. Thus, FCM, fuzzy relation composition, and defuzzication methods employed work well in this study.
Then, we compare the performance of experiment with same technical indicators (Fuzzy-SVR method). That is, GA method is not employed to find the best combination of input variables. As can be seen in Fig. 1 , the performance of of proposed approach outperforms Fuzzy-SVR method. The AYAER of proposed approach outperforms Fuzzy-SVR by 14.07%. Therefore, GA method should be applied to select suitable technical indicators. The proposed approach also outperforms other methods such as SVR as well as Buy-and-Hold method. As shown in Fig. 1 , SVR and Buy-and-Hold method earn 8.84%, and 20.67%, respectively. The yearly earning rate in each year of buy-and-hold method is calculated by subtracting the stock price of the first day by that of the last day of the year. Thus, only the proposed approach can outperforms Buy-and-Hold method. Therefore, the hybrid approach should be applied to explore the dynamism of emerging markets.
V. CONCLUSIONS
As a member of G-20 major economies, Indonesia is one of the emerging market economies of the world. It is the largest economy in Southeast Asia and fifth-largest economy in Asia. We employ a hybrid approach of fuzzy theorem, support vector regression method, genetic algorithm, and quarterly moving window to explore the dynamism of Indonesia stock market. In the empirical results, the proposed approach outperforms SVR, GA-SVR, Fuzzy-SVR as well as Buy-and-Hold method. Therefore, the hybrid approach has referential values. However, weaknesses in one or more parts of the hybrid cause a decrease in performance.
The future directions of this research can be as follows:
(1) The proposed approach can be revised by using macroeconomic indicator, such as consumer price indices and interest rate. (2) In addition to examining hybrid method, representative of developed and developing markets can be used in the next study.
